Abstract-This paper presents a non-parametric method to produce stress index using Electroencephalogram (EEG) signals. 180 EEG datasets from healthy subjects were evaluated at two cognitive states; resting state (Eyes Closed) and working state (Eyes Open). In working cognitive state, subjects were asked to answer the Intelligence Quotient (IQ) test questions. The EEG datasets were categorized into 4 groups. Energy Spectral Density (ESD) ratios and Spectral Centroids (SC) from the two tasks were calculated and selected as input features to k-Nearest Neighbor (k-NN) classifier. Shannon's Entropy (SE) was used to detect and quantify the distribution of ESD due to stressors (stress factors). The stress indexes were assigned based on the results of classification, ESD ratios, SC and SE. There were 3 types of stress indexes can be assigned which represent the stress level (low stress, moderate stress and high stress) at classification accuracy of 88.89%. The regression coefficient of the SC of Beta and Alpha was 77%.
INTRODUCTION
Physiological signals or bio-signals had been extensively used by researchers in detecting human stress [1] . Basically, stress can be classified into 3 types; mental stress, emotional stress and physical stress [2] . Stress occurred when human body fails to challenge stress factors or stressors. Since stress is associated with human negative emotion and Autonomous Nervous System (ANS), EEG becomes a popular tool to detect human stress by measuring his or her brain's electrical activity [3] . The characteristic of EEG signals when human experiencing stress had been studied by researchers about a decade ago. The existence of stress can be identified by the changes of EEG Beta and Alpha power [3, 4] . EEG Beta power indicates that human in alertness condition. Meanwhile, Alpha power indicates that human in relaxation condition [3] .
There are 2 famous methods to determine stress level; questionnaires based method or bio-signals based method. The most popular self-report questionnaires to determine human's stress level are Cohen's Perceived Stress Scale (PSS), Stress Response Inventory (SRI) and Hamilton Depression Rating Scale (HDRS). Meanwhile, among the physiological signals used to assess stress level are Electrocardiogram (ECG), Electroencephalogram (EEG), Electromyogram (EMG), Galvanic Skin Response (GSR) Blood Volume Pulse (BVP) and Skin Temperature [5] . The stress assessment is either by questionnaires or physiological signals are vital in order to determine the level of human stress so that the appropriate action can be taken in order to bring his or her life to healthy life. This paper attempts to produce reliable stress index by analyzing the characteristics of EEG signals from 2 difference cognitive states; Eyes Closed (EC) and Eyes Open (EO). In EO state, EEG signals are recorded while the subjects are answering IQ questionnaires. The results of this study are the continuation from the author previous works on identifying stress features using EEG Power Spectrum, Spectral Centroids and k-NN classifier [17] .
II. RELATED WORK
Researchers had introduced various methods to figure out human stress level or index using physiological signals such as ECG, EEG, EMG, GSR, and skin temperature. For example, EEG Spectral Asymmetry Index (SASI) was designed to detect depression level by measuring the relative differences in power of two EEG frequency bands [8] . Nassef et al. [9] had produced Task Load Index (TLI) which is the ratio of Theta power at Frontal area with Alpha power at Parietal area of human's brain. The TLI was correlated well with the physical workload. Sinha [10] used EEG power spectra and Neural Network to act as index of stress (chronic stress, acute stress and normal stress) in hot environment. In addition, EEG power spectrum can be used as Physiological Index (PI) to estimate stress caused by Mental Arithmetic Task (MAT) [11] . The combination of three physiological signals; ECG, GSR and EMG were used to produce real-time stress level of drivers [12] . Meanwhile, Shih and Fang [13] had produced Psychological Stress Index (PSI) using Heart Rate Interval and Plethysmography to assess human mental condition. The relaxation level of an individual could be determined by the slope of EEG linear regression in timebased measurement [14] [15] . Handri et al. [1] produced two level of stress (high and low) from physiological signals such as EEG, ECG and Skin Temperature. The relative power of Theta, Alpha, Beta and Gamma were used to produce index for Fear, Sadness, Peace and Happy [6] . Bispectral Index (BIS) used EEG signals to determine state of Anaesthesia (unconsciousness state) with a scale from 0 to 100 [16] .
The stress index is created based on the stress features in EEG signals and classification of the features. Researchers had introduced various methods to identify stress features from EEG signal. For instance, Sulaiman et al. [17] had identified and confirmed the stress features using k-NN classifier with 88.9% accuracy. Among the stress features were Spectral Centroid, Energy ratio, Bandwidth, Statistical methods and Zero Crossing rate [18] [19] . Rahnuma et al. [20] used Kernel Density Estimation (KDE) to extract stress feature from EEG signal. Tran et al. [21] used sample entropy to detect the difference in EEG signals due stress and fatigue condition. Meanwhile, k-NN classifier was used to classify stress features due to its robustness and simplest supervised machine learning algorithm [1, 7] . The combination features from time-domain (cross-correlation) and frequency-domain (power spectral density) generate high classification accuracy at 97% using k-NN [22] . The summary of the methods and results in determining stress, depression and workload level are shown Table I . Even though, most of the authors in Table I use EEG Power Spectrum and Entropy to recognize stress, this study is different when comparing to the research findings shown in Table I in term of the methodology. This study uses combination of ESD ratios of four EEG frequency bands (Delta, Theta, Alpha and Beta), SE, SC and k-NN classification in order to classify the group that might has stress factor.
III. METHODS

A. EEG datasets
The study employed 180 EEG datasets from different experiments which were categorized into 4 groups. All data were taken from healthy subjects. Group 1, 3 and 4 consisted of EEG data recorded at Close-eyes state (CE) where the subjects were doing nothing [23] [24] . Meanwhile, Group 2 consisted of EEG data recorded at Open-eyes state (OE) where the subjects were doing IQ test [25] . 8 EEG data from Group 1, 3 EEG data from Group 2, 13 EEG data from Group 3 and Group 4 were removed due to data corruption. The corrupted data were replaced with regenerated data. The data were re-generated using normally distributed pseudorandom numbers technique.
B. EEG Measurement and Protocol
The EEG signals of the subjects were captured using EEG amplifier (g-MOBIlab) and Bipolar EEG gold-plated EEG electrodes. The measurement locations of the electrodes are Fp1, Fp2, Fpz (ground) and A1 and A2 as a reference points as shown in Fig. 1 [26] . The EEG signals were sampled at sampling rate of 256 Hz where the impedance of EEG electrodes was measured below 5 kΩ. Before starting the EEG recording, subjects were asked to be in relaxing position where they need to close their eyes. The EEG signals for EC state were recorded for 3 minutes. Meanwhile, the EEG signals for EO state were recorded for 10 minute while the subjects were doing IQ tests. During IQ test, subjects were asked to answer 20 test questions which were based on modified Raven's Standard Progressive Method. Subjects were required to complete the test questions within 10 minutes. The IQ test questions were created merely based on visual and logical thinking. The Graphical User Interface (GUI) was developed in order to ease the evaluation process.
The captured EEG signals were sent to a Personal Computer or Laptop through Bluetooth. The data were processed and analysed using intelligent signal processing technique developed in MATLAB.
The prefrontal area are selected in this study because the brain signals in this area related to human's emotion where stress is belong to negative valence and high arousal. All the research activities were performed with the ethical approval from local ethical committee. 
C. EEG Analysis
The EEG data that contain artifacts or noises were removed from the datasets by setting the threshold values of 100 µV where any data above the threshold values were rejected. The EEG data which have amplitude above 100 µV can be considered as an addition of noises to the signals [26] . The artifacts were generated by eye-movements, eye blinks, muscle movement and power line. Afters artifacts removal process, the EEG data were band pass filtered to produce Delta band, δ (0.5 -4 Hz), Theta band, θ (4 -8 Hz), Alpha band, α (8 -13 Hz) and Beta, β band (13 -30 Hz). The spectral analysis was carried out by performing Fast Fourier Transform (FFT) with Hamming window to the EEG signals. The window was set to 256 with 50% overlapping. The FFT length was set to 1024. Then, the Energy Spectral Density (ESD) was calculated by dividing the area of Power Spectral Density (PSD) curve with frequency range of the bands.
Here, ESD is selected for feature calculation instead of PSD because it covers overall energy distribution for each frequency band (range of frequency) as shown in Fig. 2 . Meanwhile, PSD selects the highest power or energy at peak frequency.
D. Experiment Block Diagram
The block diagram of experiment is shown in Fig. 2 . SE and SC were applied to the energy band ratio for each group after EEG raw data for all frequency bands were converted to ESD using Fast Fourier Transform (FFT). Then, all the selected features were put into k-NN classifier to classify the potential group that might have stress features. K-NN was evaluated at training and testing ratios of 70:30. The classifier was also evaluated at default setting of distance and rule where k-value was varied from 1 to 10. The small value of k will produce high classification rate. 
E. Formula of Relative Energy Ratio
The power spectrum for each bands and groups are calculated in term of Energy Spectral Density as shown in (1). (1) Power Spectrum ratio for each frequency bands including right and left hemisphere of human brain are calculated using equations in (2), (3), (4) and (5). (2) (3) (4) (5)
F. Shannon Entropy (SE)
The SE can be expressed as shown in (6) . Here, index i represents the subject and index n represents the number of subjects. (6) SE is used to measure irregularity of the signals. In this study, SE is used to quantify the energy distribution from EEG Power Spectrum due to stressors.
G. Spectral Centroids (SC)
The Spectral Centroids are calculated using formula in (7) . (7) Here, S i is an energy obtained from the spectrogram of the ESD ratios. F i is the average frequency weighted by the amplitude of S i where i is an index represents the number of sample in the group [27] [28] .
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Regression Stress Index Equation (7) was applied to each group and their frequency bands. The Spectral Centroids values for each group were selected as an input features to classifier in term of target or class for classification process.
Relative Energy Ratio and Spectral Centroids were selected as stress features and become input to k-NN classifier.
H. k-NN Classification
k-NN is a supervised, simple and robust learning algorithm [1, 7] . It is a powerful technique for pattern classification of non-parametric analysis [1, 7] . The classifier works by comparing a new sample (testing data) with the baseline data (training data). The classifier finds the k neighborhood in the training data and assign class which appear more frequently in the neighborhood of k. The value of k needs to be varied in order to find the match class between training and testing data. In this research, the k values are varied from 1 to 10. The value of k is typically small [1] . The default value of k is 1. For example, if k=1, the testing data will be assigned to the class of its nearest neighbors where k must be positive integer [1] . Here, the default setting of distance and rule are selected. The setting for distance is Euclidean. Meanwhile, the setting for rule is nearest.
I. Regression Analysis
Linear Regression plot in MATLAB is used to find the Regression coefficient between the Centroids values of Alpha and Beta band for all groups. Here, the Centroids values of Alpha and Beta band were selected since stress was indicated by the decrease of Alpha power and increase of Beta power.
IV. RESULTS AND DISCUSSION
EEG power spectrum obtained from the Fourier Transform of EEG raw data were verified and tested for normality using Statistical Package for Social Science (SPSS). Then, the EEG power spectrum in term of ESD was plotted against frequency band in order to verify the characteristic of the EEG power spectrum.
The selected features as stress features used by k-NN classifier able to produce high classification accuracy; 88.89% as shown in Table II where the high accuracy was obtained at k = 1 and k = 2. In the classification, the training and testing ratio was set to 70:30 ratios. In addition, the k values were varied from 1 to 126 (70% of the total data). However, only k value from 1 to 10 is shown in this paper since the highest classification accuracy was obtained at the lower k values. The ratios of relative energy per group with the total energy of the groups were plotted as shown in Fig. 3 . From  Fig. 3 , it is obvious that group 2 has lowest Alpha Power and highest Beta Power than the other groups. These ratio patterns indicate that group 2 might contains stress features where the group 2 consisted of EEG datasets at EO (Eyes Open) cognitive state. The subjects may experience stress when answering the IQ test questions. The values of features such as Shannon Entropy, Spectral Centroids of Alpha and Beta band, average relative energy ratio of Alpha and Beta band per group and the stress index assignment are tabulated in Table III. From Table III , it can be clearly seen that there are some unique trend of the features which might relate to stress. For example, Index 3 which represents High Stress was assigned to Group 2 where the values of Alpha band centroids, entropy and average energy band ratio of Alpha band are lower than other group. In addition, average energy band ratio in group 2 is highest compared to other groups. Meanwhile, Index 1 which represents Low Stress was assigned to Group 1 where Centroids and Entropy are higher than other group. In addition, the average energy of Beta band is lower than the other groups. These two groups show the lowest and the highest trend stress features. Index 2 which represents moderate stress was assigned to Group 3 and 4. The change of Centroids values of Beta and Alpha bands for all groups can be clearly seen as shown in Fig. 4 The regression analysis of Alpha and Beta band was done on Centroids value for all groups. The regression coefficient of 77% (R-square of 60%) was obtained as shown in Fig. 5 . The regression coefficient is not so good which might due to overlapping of stress and non-stress features which might affects the value of Centroids. 
V. CONCLUSION AND FUTURE WORK
The results of the study showed that the reliable stress index can be produced with high accuracy by using proposed method; selection of ESD ratios and Spectral Centroids, as stress features and classification of the stress features using k-NN classifier. There are three types of stress index can be assigned to the experimental groups; Index 1 for Group 1 which represents Low Stress, Index 2 for Group 3 and Group 4 which represents Moderate Stress and Index 3 for Group 2 which represents High Stress. The classifier able to identify and classify the stress features from the four groups of EEG datasets at 88.89% accuracy. Meanwhile, the linear regression between Centroids of Alpha and Beta Power is not good enough where the correlation coefficient, R is only 77%.
The future work will include the verification of k-NN classification results using Fuzzy C-Means (FCM) clustering technique.
